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57 ABSTRACT

Provided is a wire-to-board connector including a plug
attached to a wire, and a receptacle mounted on a circuit
board. The plug and the receptacle are formed of metal. The
plug is fitted into the receptacle to electrically connect the
wire to the circuit board. The receptacle has an accommo-
dating portion formed in a tubular shape. The plug has an
inserted portion to be inserted into the accommodating
portion of the receptacle. The inserted portion includes a
body plate and an elastic piece elastically supported in a
cantilevered manner by the body plate. The elastic piece of
the inserted portion has a free end. The accommodating
portion has an engaged portion. When the inserted portion is
inserted into the accommodating portion, the free end
engages with the engaged portion along with an elastic
deformation of the elastic piece, thereby allowing the plug
to be fitted into the receptacle.

16 Claims, 21 Drawing Sheets
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1
WIRE-TO-BOARD CONNECTOR

INCORPORATION BY REFERENCE

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/672,193, filed Nov. 8, 2012, which is based
upon and claims the benefit of priority from Japanese patent
application No. 2011-256969, filed on Nov. 25, 2011, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wire-to-board connec-
tor.

2. Description of Related Art

As a technique of this type, Japanese Unexamined Patent
Application Publication No. 2010-186663 discloses a struc-
ture in which a wire-side fast-on tab terminal 103 with a wire
102 is connected to a low-height type surface mounting
fast-on tab terminal 101 which is mounted on the surface of
a circuit board 100 as shown in FIG. 21 of the present
invention.

SUMMARY OF THE INVENTION

In the structure disclosed in Japanese Unexamined Patent
Application Publication No. 2010-186663 described above,
however, when an external force acts on the wire 102, the
wire-side fast-on tab terminal 103 is easily removed from
the low-height type surface mounting fast-on tab terminal
101.

It is an object of the present invention to provide a
wire-to-board connector that prevents a fitted state from
being easily released even when an external force acts on a
wire.

According to an aspect of the present invention, there is
provided a wire-to-board connector including a first terminal
attached to a wire, and a second terminal mounted on a
circuit board, the first terminal and the second terminal being
formed of metal and fitted together to electrically connect
the wire to the circuit board. The second terminal includes
an accommodating portion formed in a tubular shape. The
first terminal includes an inserted portion to be inserted into
the accommodating portion of the second terminal. The
inserted portion includes a body plate and an elastic piece,
the elastic piece being elastically supported in a cantilevered
manner by the body plate. The elastic piece of the inserted
portion has a first engagement portion, and the accommo-
dating portion has a second engagement portion. When the
inserted portion is inserted into the accommodating portion,
the first engagement portion engages with the second
engagement portion along with an elastic deformation of the
elastic piece, thereby allowing the first terminal to be fitted
into the second terminal.

Preferably, the elastic piece extends in a removing direc-
tion, the removing direction being a direction opposite to an
inserting direction in which the inserted portion is inserted
into the accommodating portion.

Preferably, the first engagement portion and the second
engagement portion engage with each other in substantially
parallel to the inserting direction.

Preferably, the accommodating portion has an inner pro-
trusion protruding toward an inner peripheral side of the
accommodating portion, and the inner protrusion functions
as the second engagement portion.
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2

Preferably, the inner protrusion is formed by bending an
end in the removing direction of the accommodating por-
tion.

Preferably, the inner protrusion is formed by bending the
end in the removing direction of the accommodating portion
by about 180 degrees.

Preferably, the elastic piece contacts an inner peripheral
surface of the accommodating portion near the first engage-
ment portion due to a spring elastic force of the elastic piece,
in a state where the first engagement portion and the second
engagement portion engage with each other.

Preferably, the elastic piece has a contact portion that
contacts the accommodating portion due to a spring elastic
force of the elastic piece, in a state where the first engage-
ment portion and the second engagement portion engage
with each other.

Preferably, the elastic piece has an externally exposed
portion that is exposed to an outside without being covered
by the accommodating portion, in a state where the first
engagement portion and the second engagement portion
engage with each other.

Preferably, the externally exposed portion has a pressing
area, the pressing area being formed such that the externally
exposed portion connects to a free end of the elastic piece
and protrudes in at least one of a connector width direction
and a connector inserting/removing direction.

Preferably, the first terminal has an excessive insertion
preventing portion that contacts the second terminal to
prevent excessive insertion of the inserted portion into the
accommodating portion.

Preferably, the accommodating portion has a slit formed
therein; the inserted portion has an erroneous insertion
preventing portion to be inserted into the slit; and the
erroneous insertion preventing portion serves as the exces-
sive insertion preventing portion.

Preferably, the accommodating portion has a slit formed
therein, and the inserted portion has an erroneous insertion
preventing portion to be inserted into the slit.

Preferably, the inserted portion has a pair of side plates
opposed to each other.

Preferably, the elastic piece is formed between the pair of
side plates.

Preferably, the accommodating portion includes: a base
plate located on a side of the circuit board; a top plate located
on a side of the base plate opposite to the side of the base
plate on which the circuit board is located; and a pair of side
plates that couple the top plate with the base plate, and the
accommodating portion is formed in a substantially angular
cylindrical shape.

Preferably, the base plate of the accommodating portion
extends in a removing direction, the removing direction
being a direction opposite to an inserting direction in which
the inserted portion is inserted into the accommodating
portion.

Preferably, the base plate of the accommodating portion
has a contact spring piece that is formed in a cantilevered
manner and contacts the inserted portion inserted into the
accommodating portion.

Preferably, the accommodating portion is formed in a
tubular shape by sheet metal bending; a shape holding
mechanism for holding a tubular shape of the accommodat-
ing portion is formed near a joint of the accommodating
portion; and the shape holding mechanism is implemented
by a shape holding projection and a shape holding projection
accommodating hole that accommodates the shape holding
projection.
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Preferably, the inserted portion includes a pair of side
plates opposed to each other, at least one of the pair of side
plates having an excessive insertion preventing portion that
contacts the accommodating portion to prevent excessive
insertion of the inserted portion into the accommodating
portion.

Preferably, the excessive insertion preventing portion
contacts a part of an edge surface of the accommodating
portion in a removing direction to prevent excessive inser-
tion of the inserted portion into the accommodating portion,
the removing direction being a direction opposite to an
inserting direction in which the accommodating portion is
inserted into the accommodating portion.

According to the present invention, the amount of dis-
placement of the first engagement portion upon engagement
of the first engagement portion with the second engagement
portion can be effectively secured, thereby ensuring the
engagement between the first engagement portion and the
second engagement portion. This prevents the fitted state of
the wire-to-board connector from being easily released even
when an external force acts on the wire.

The above and other objects, features and advantages of
the present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a wire-to-board connector
in a non-fitted state (first exemplary embodiment);

FIG. 2 is a partially cutaway perspective view of the
wire-to-board connector in a half-fitted state (first exemplary
embodiment);

FIG. 3 is a perspective view of the wire-to-board con-
nected in a fitted state (first exemplary embodiment);

FIG. 4 is a perspective view of a receptacle (first exem-
plary embodiment);

FIG. 5 is a perspective view of the receptacle when
viewed from another angle (first exemplary embodiment);

FIG. 6 is a perspective view of the receptacle when
viewed from still another angle (first exemplary embodi-
ment);

FIG. 7 is a sectional view taken along the line VII-VII of
FIG. 4 (first exemplary embodiment);

FIG. 8 is a plan view of the receptacle (first exemplary
embodiment);

FIG. 9 is a perspective view of a plug connected with a
wire (first exemplary embodiment);

FIG. 10 is another perspective view of the plug connected
with the wire (first exemplary embodiment);

FIG. 11 is a plan view of the plug connected with the wire
(first exemplary embodiment);

FIG. 12 is a sectional view of an elastic piece of the plug
connected with the wire (first exemplary embodiment);

FIG. 13 is a first explanatory diagram for explaining
insertion of the plug into the receptacle (first exemplary
embodiment);

FIG. 14 is a second explanatory diagram for explaining
insertion of the plug into the receptacle (first exemplary
embodiment);

FIG. 15 is a third explanatory diagram for explaining
insertion of the plug into the receptacle (first exemplary
embodiment);
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FIG. 16 is an operation explanatory diagram of the
wire-to-board connector when an external force acts on the
wire (first exemplary embodiment);

FIG. 17 is a fourth explanatory diagram for explaining
insertion of the plug into the receptacle (first exemplary
embodiment);

FIG. 18 is a fifth explanatory diagram for explaining
insertion of the plug into the receptacle (first exemplary
embodiment);

FIG. 19 is an explanatory diagram illustrating a method
for releasing a fitted state of the wire-to-board connector
(first exemplary embodiment);

FIG. 20 is a perspective view of a receptacle (second
exemplary embodiment); and

FIG. 21 is a diagram corresponding to FIG. 1 of Japanese
Unexamined Patent Application Publication No. 2010-
186663.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

First Exemplary Embodiment

A first exemplary embodiment of the present invention
will be described below with reference to FIGS. 1 to 19.

As shown in FIG. 1, a wire-to-board connector 1 includes
a plug 3 (first terminal) which is attached to a wire 2, and a
receptacle 5 (second terminal) which is mounted on the
surface of a circuit board 4. In the first exemplary embodi-
ment, the plug 3 and the receptacle 5 are each formed of
metal, and are integrally formed by sheet metal bending. As
shown in FIGS. 1 to 3, the plug 3 is fitted into the receptacle
5, thereby electrically connecting the wire 2 to the circuit
board 4.

Here, the terms “connector inserting/removing direction”,
“connector height direction”, and “connector width direc-
tion” are defined. As shown in FIGS. 1 to 3, the term
“connector inserting/removing direction” refers to a direc-
tion in which the plug 3 is inserted/removed into/from the
receptacle 5. The “connector inserting/removing direction”
includes “an inserting direction” and “a removing direc-
tion”. The term “inserting direction” refers to a direction in
which the plug 3 is inserted into the receptacle 5. The term
“removing direction” refers to a direction in which the plug
3 is removed from the receptacle 5. The term “connector
height direction” refers to a direction orthogonal to a con-
nector mounting surface 4a of the circuit board 4. The
“connector height direction” includes “a mounting surface
approaching direction” and “a mounting surface separating
direction”. The term “mounting surface approaching direc-
tion” refers to a direction approaching the connector mount-
ing surface 4a of the circuit board 4. The term “mounting
surface separating direction” refers to a direction separating
from the connector mounting surface 4a of the circuit board
4. The term “connector width direction” refers to a direction
orthogonal to each of the “connector inserting/removing
direction” and the “connector height direction”. The “con-
nector width direction” includes “a connector width center
direction” and “a connector width anti-center direction”.
The term “connector width center direction” refers to a
direction toward the center in the connector width direction
of the wire-to-board connector 1 (plug 3, receptacle 5). The
term “connector width anti-center direction” refers to a
direction separating from the center in the connector width
direction of the wire-to-board connector 1 (plug 3, recep-
tacle 5).
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(Receptacle 5: FIGS. 4 to 8)

As shown in FIGS. 4 to 8, the receptacle 5 includes a
receptacle body 6 and a pair of mounting portions 7.
(Receptacle 5: Receptacle Body 6)

The receptacle body 6 is a portion that receives the plug
3. As shown in FIG. 4, the receptacle body 6 includes a base
plate 8 formed on the side of the circuit board 4 (also see
FIG. 1), a top plate 9 formed on a side of the base plate 8
opposite to the side of the base plate 8 on which the circuit
board 4 is located, and side plates 10a and 1056 which couple
the base plate 8 with the top plate 9. The base plate 8 and the
top plate 9 are disposed substantially parallel to the connec-
tor mounting surface 4a (also see FIG. 1) of the circuit board
4. The side plates 10a and 106 are disposed substantially
orthogonal to the connector mounting surface 4a of the
circuit board 4. The side plate 10a is disposed on the right
side when the receptacle body 6 is viewed along the insert-
ing direction. The side plate 105 is disposed on the left side
when the receptacle body 6 is viewed along the inserting
direction.

In the first exemplary embodiment, the top plate 9 is
formed to be shorter in the connector inserting/removing
direction than the base plate 8, the side plate 10a, and the
side plate 105, and is disposed on the back side in the
inserting direction. Accordingly, the receptacle body 6
includes an accommodating portion 11 which has a substan-
tially angular cylindrical shape and which is located at a
position on the back side in the inserting direction. The
accommodating portion 11 is formed of the base plate 8, the
top plate 9, and the side plates 10a and 105. Thus, it can be
said that the accommodating portion 11 is formed in a
tubular shape by sheet metal bending.

A joint 12 exists between the base plate 8 and the side
plate 10a. Two shape holding mechanisms E are formed in
the vicinity of the joint 12. The two shape holding mecha-
nisms E allow the base plate 8 and the side plate 10a to be
coupled together. Each shape holding mechanism E is
implemented by a shape holding projection 13 which is
formed on the base plate 8, and a shape holding projection
accommodating hole 14 which is formed in the side plate
10qa. In other words, a pair of shape holding projections 13
formed on the base plate 8 is accommodated in a pair of
shape holding projection accommodating holes 14 formed in
the side plate 10q, thereby coupling the base plate 8 and the
side plate 10a together. Due to the presence of the shape
holding mechanisms E, the tubular shape of the accommo-
dating portion 11 is held.

A plug guide portion 10c¢ that is not opposed to the side
plate 1054 in the connector width direction is provided on the
side of the removing direction of the side plate 10q.
(Receptacle 5: Receptacle Body 6: Top Plate 9)

As shown in FIGS. 4 and 8, the accommodating portion
11 has a slit 15. Specifically, the slit 15 extends in the
connector inserting/removing direction across the top plate
9 and the side plate 10a, which constitute the accommodat-
ing portion 11, and is opened in the removing direction. The
top plate 9 of the accommodating portion 11 has a slit
defining edge surface 16 that defines the slit 15 in the
connector inserting/removing direction. The slit defining
edge surface 16 is a part of the edge surface in the removing
direction of the top plate 9 of the accommodating portion 11.
The slit defining edge surface 16 is substantially orthogonal
to the connector inserting/removing direction.

As shown in FIGS. 4, 7, and 8, a receptacle-side engaging
portion 18 is formed at an end 17 in the removing direction
of the top plate 9. Specifically, the receptacle-side engaging
portion 18 is formed at a position which is located at
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substantially the center in the connector width direction of
the end 17 in the removing direction of the top plate 9, and
which is slightly closer to the side plate 1054. The receptacle-
side engaging portion 18 includes a curved portion 19 and an
engaged portion 20 (an inside protruding portion, a second
engagement portion). The curved portion 19 is connected to
the end 17 in the removing direction of the top plate 9 and
is formed to be curved in the removing direction, the
mounting surface approaching direction, and the inserting
direction in this order. The engaged portion 20 is connected
to the curved portion 19 and extends in the inserting direc-
tion. It can be said that the engaged portion 20 is supported
by the top plate 9 through the curved portion 19 that is
curved, thereby being allowed to protrude toward the inner
periphery of the accommodating portion 11. It can also be
said that the engaged portion 20 is formed by bending, by
about 180 degrees, the end 17 in the removing direction of
the accommodating portion 11. The engaged portion 20 is
substantially tightly opposed to the top plate 9.

As shown in FIGS. 4 and 8, a stopper edge surface 21 is
formed at the end 17 in the removing direction of the top
plate 9 of the accommodating portion 11. The stopper edge
surface 21 is a part of the edge surface in the removing
direction of the top plate 9 of the accommodating portion 11.
The stopper edge surface 21 is formed at a position closer to
the side plate 105 than the receptacle-side engaging portion
18. The stopper edge surface 21 is substantially orthogonal
to the connector inserting/removing direction.

(Receptacle 5: Mounting Portions 7)

As shown in FIGS. 5 and 7, the pair of mounting portions
7 is disposed so as to sandwich the base plate 8 and is
connected to the base plate 8. The pair of mounting portions
7 is disposed with a deviation in the mounting surface
approaching direction with respect to the base plate 8.
(Wire 2: FIG. 9)

The wire 2 includes a strand wire 25 and an insulation 26.
The strand wire 25 is coated with the insulation 26.

(Plug 3: FIGS. 9 to 12)

As shown in FIG. 9, the plug 3 includes a wire crimp
portion 30 and an inserted portion 31.

(Plug 3: Wire Crimp Portion 30)

As shown in FIG. 9, the wire crimp portion 30 is a portion
for attaching the wire 2 to the plug 3. The wire crimp portion
30 includes a wire connecting portion 32 which is crimped
to electrically connect the strand wire 25 of the wire 2, and
a wire holding portion 33 which holds the insulation 26 of
the wire 2 so as to prevent a load in the connector inserting/
removing direction from being applied to the wire connect-
ing portion 32.

(Plug 3: Inserted Portion 31)

The inserted portion 31 is a portion to be inserted into the
accommodating portion 11 of the receptacle body 6 of the
receptacle 5. As shown in FIGS. 9 to 12, the inserted portion
31 includes a body plate 35, an elastic piece 36 which is
elastically supported in a cantilevered manner by the body
plate 35, and a pair of side plates 37a and 375.

The body plate 35 is connected to the wire crimp portion
30. The elastic piece 36 is connected to an end in the
inserting direction of the body plate 35, and extends in the
removing direction. The elastic piece 36 is formed to be
slightly inclined with respect to the body plate 35 in such a
manner that the elastic piece 36 is gradually separated from
the body plate 35 toward the removing direction. The elastic
piece 36 is disposed to be sandwiched between the pair of
side plates 37a and 37b.
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(Plug 3: Inserted Portion 31: Elastic Piece 36)

As shown in FIGS. 9, 11, and 12, a curved contact portion
40 (contact portion), a first width-direction projection 41, a
second width-direction projection 42, an externally exposed
portion 43, and an engagement surface 44 are formed at a
free end 39 (first engagement portion) of the elastic piece 36.

As shown in FIG. 12, the curved contact portion 40 swells
out in the mounting surface separating direction from the
free end 39 so as to have a curved surface. Accordingly, it
can be said that the curved contact portion 40 is formed in
the vicinity of the free end 39.

As shown in FIGS. 9 and 11, the first width-direction
projection 41 protrudes from the free end 39 of the elastic
piece 36 in the connector width anti-center direction. Spe-
cifically, the first width-direction projection 41 protrudes
from the free end 39 of the elastic piece 36 in the connector
width anti-center direction, i.e., toward the side plate 37a.

Similarly, as shown in FIGS. 9 and 11, the second
width-direction projection 42 protrudes from the free end 39
of the elastic piece 36 in the connector width anti-center
direction. Specifically, the second width-direction projection
42 protrudes from the free end 39 of the elastic piece 36 in
the connector width anti-center direction, i.e., toward the
side plate 375.

As shown in FIGS. 9 and 11, the externally exposed
portion 43 connects to the free end 39 of the elastic piece 36
and protrudes from the free end 39 of the elastic piece 36 in
the removing direction, so that the externally exposed por-
tion 43 has a pressing area “a” shown in FIG. 11. Specifi-
cally, as shown in FIG. 11, the externally exposed portion 43
is disposed at a position closer to the side plate 375.

As shown in FIG. 11, the engagement surface 44 is an
edge surface of the free end 39 of the elastic piece 36 in the
removing direction, and is formed at a position closer to the
side plate 37a.

(Plug 3: Inserted Portion 31: Side Plate 37q)

As shown in FIG. 10, the side plate 37a has a notch 50,
a stopper projection 51 (excessive insertion preventing por-
tion), and a raised portion 52. The notch 50 is formed be
opened in the mounting surface separating direction on the
side of the removing direction of the side plate 37a. The
notch 50 accommodates the first width-direction projection
41 of the elastic piece 36, and the depth of the notch is
adjusted so as to prevent excessive deformation of the elastic
piece 36. The stopper projection 51 is formed to be adjacent
to the notch 50 in the removing direction. The stopper
projection 51 is formed to be higher in the connector height
direction than the other portions of the side plate 37a. The
raised portion 52 is formed on the side of the inserting
direction of the side plate 374 so as to be raised from the side
plate 37a in the connector width anti-center direction.
(Plug 3: Inserted Portion 31: Side Plate 3754)

As shown in FIGS. 10 and 11, the side plate 375 has a
notch 60, a stopper projection 61 (which does not function
as the excessive insertion preventing portion in this exem-
plary embodiment), a key 62 (erroneous insertion preventing
portion, excessive insertion preventing portion), and a raised
portion 63. The notch 60 is formed on the side of the
removing direction of the side plate 375 so as to be opened
in the mounting surface separating direction. The notch 60
accommodates the second width-direction projection 42 of
the elastic piece 36, and the depth of the notch is adjusted so
as to prevent excessive deformation of the elastic piece 36.
In this regard, the notch 60 exerts substantially the same
functions as that of the notch 50. The stopper projection 61
is formed to be adjacent to the notch 60 in the removing
direction. The key 62 is formed to be adjacent to the notch
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60 in the inserting direction. The stopper projection 61 and
the key 62 are formed to be higher in the connector height
direction than the other portions of the side plate 37b. As
shown in FIG. 11, the raised portion 63 is formed on the side
of the inserting direction of the side plate 37b so as to be
raised from the side plate 375 in the connector width
anti-center direction.

(Operation: FIGS. 13 to 19)

Next, the operation of the wire-to-board connector 1 will
be described.

Referring first to FIG. 1, the pair of mounting portions 7
of the receptacle 5 is soldered to a pair of electrode pads 45
formed on the connector mounting surface 4a of the circuit
board 4.

Referring next to FIG. 13, the wire 2 is crimped to the
wire crimp portion 30 of the plug 3, and then the attitude of
the plug 3 with respect to the receptacle 5 is adjusted such
that the elastic piece 36 of the plug 3 is located on the side
of the mounting surface separating direction when viewed
from the body plate 35. In this state, as shown in FIGS. 13
to 15, the inserted portion 31 of the plug 3 is inserted into
the accommodating portion 11 of the receptacle 5. At this
time, the plug guide portion 10¢ shown in FIG. 6 exerts the
function as a guide for guiding the inserted portion 31 of the
plug 3 into the space between the side plates 10a and 105.
The base plate 8 shown in FIG. 6 extends from the accom-
modating portion 11 in the removing direction, thereby
exerting the function as the guide for guiding the inserted
portion 31 into the accommodating portion 11.

As shown in FIG. 14, when the inserted portion 31 of the
plug 3 is inserted into the accommodating portion 11 of the
receptacle 5, the elastic piece 36 of the inserted portion 31
of the plug 3 is pressed down in the mounting surface
approaching direction by the curved portion 19 and the
engaged portion 20 of the receptacle-side engaging portion
18 formed at the top plate 9 of the accommodating portion
11.

In the state shown in FIG. 14, when the inserted portion
31 of the plug 3 is further inserted into the accommodating
portion 11 of the receptacle 5, the free end 39 of the inserted
portion 31 of the plug 3 runs over the engaged portion 20 of
the receptacle-side engaging portion 18 of the receptacle 5.
Further, as shown in FIG. 15, the free end 39 is displaced in
the mounting surface separating direction along with an
elastic deformation of the elastic piece 36 and engages with
the engaged portion 20. As a result, the plug 3 is fitted into
the receptacle 5 (also see FIGS. 1 to 3).

As shown in FIG. 15, in the state where the free end 39
engages with the engaged portion 20, the externally exposed
portion 43 of the plug 3 is externally exposed without being
covered by the accommodating portion 11 of the receptacle
5 as shown in FIG. 3 (also see FIG. 18).

As shown in FIG. 15, the free end 39 of the plug 3 and the
engaged portion 20 of the receptacle 5 engage with each
other in substantially parallel to each other in the inserting
direction. Specifically, the engagement surface 44 formed on
the free end 39 of the plug 3 contacts the engaged portion 20
of the receptacle 5 in substantially parallel to the inserting
direction. In the state where the free end 39 and the engaged
portion 20 engage with each other, the elastic piece 36
contacts an inner peripheral surface 11a of the accommo-
dating portion 11 (that is, an inner surface 9a of the top plate
9) in the vicinity of the free end 39 due to the spring elastic
force of the elastic piece 36. Specifically, in the state where
the free end 39 and the engaged portion 20 engage with each
other, the curved contact portion 40 of the elastic piece 36
contacts the inner peripheral surface 11a of the accommo-
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dating portion 11 (that is, the inner surface 94 of the top plate
9) due to the spring elastic force of the elastic piece 36. A
contact between the curved contact portion 40 of the elastic
piece 36 of the plug 3 and the inner peripheral surface 11a
of the accommodating portion 11 of the receptacle 5 func-
tions as a main contact between the plug 3 and the receptacle
5. At this time, the base plate 8 and the body plate 35 contact
each other in the connector height direction.

In the state shown in FIG. 15, when an external force F
acts on the wire 2 in the removing direction as shown in FIG.
16, the free end 39 is to be displaced in the direction
separating from the body plate 35 (that is, in the mounting
surface separating direction) as indicated by an arrow T,
thereby maintaining the engagement with the engaged por-
tion 20.

Referring next to FIGS. 17 and 18, the operation of the
wire-to-board connector 1 in plan view will be described.

As shown in FIGS. 17 and 18, when the inserted portion
31 of the plug 3 is inserted into the accommodating portion
11 of the receptacle 5, the free end 39 of the inserted portion
31 of the plug 3 engages with the engaged portion 20 of the
accommodating portion 11 of the receptacle 5 (also see FIG.
15), so that the plug 3 is fitted into the receptacle 5 as shown
in FIG. 18. In this state, when the inserted portion 31 of the
plug 3 is further inserted into the accommodating portion 11
of'the receptacle 5, the stopper projection 51 of the side plate
37a of the inserted portion 31 of the plug 3 contacts the
stopper edge surface 21 formed at the end 17 of the top plate
9 of the accommodating portion 11 of the receptacle 5,
thereby inhibiting further insertion. Similarly, the key 62 of
the side plate 375 of the inserted portion 31 of the plug 3
contacts the slit defining edge surface 16 of the top plate 9
of'the accommodating portion 11 of the receptacle 5, thereby
inhibiting further insertion. In other words, the stopper
projection 51 and the key 62 exert the function of preventing
excessive insertion of the inserted portion 31 into the
accommodating portion 11.

As shown in FIGS. 17 and 18, in the case of inserting the
inserted portion 31 of the plug 3 into the accommodating
portion 11 of the receptacle 5, the key 62 of the inserted
portion 31 of the plug 3 is inserted into the slit 15 of the
accommodating portion 11 of the receptacle 5. The presence
of the slit 15 and the key 62 prevents erroneous insertion of
the inserted portion 31 into the accommodating portion 11.
The term “erroneous insertion” herein described refers to an
act of inserting the plug 3 into the receptacle 5 in the state
where the plug 3 is reversed from the attitude shown in FIG.
17, for example. When the plug 3 is to be inserted into the
receptacle 5 in the state where the plug 3 is reversed from the
attitude shown in the figure, the key 62 of the inserted
portion 31 of the plug 3 physically interferes with the base
plate 8 of the receptacle 5, resulting in inhibiting the
insertion of the inserted portion 31 into the accommodating
portion 11. The key 62 of the inserted portion 31 of the plug
3 is formed at substantially the center in the inserting
direction of the inserted portion 31. Accordingly, in the case
of inserting the inserted portion 31 into the accommodating
portion 11, the presence or absence of erroneous insertion
can be found at a relatively early stage.

Referring next to FIG. 19, a method for releasing the fitted
state of the wire-to-board connector 1 will be described. In
the state where the free end 39 engages with the engaged
portion 20 as shown in FIG. 15, the externally exposed
portion 43 of the inserted portion 31 of the plug 3 is
externally exposed without being covered by the accommo-
dating portion 11 of the receptacle 5 as shown in FIGS. 3, 18,
and 19. Accordingly, to extract the plug 3 from the recep-
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tacle 5, the externally exposed portion 43 may be manipu-
lated so as to be pressed down in the mounting surface
approaching direction by using an elongated jig R indicated
by long dashed double-short dashed lines, for example, as
shown in FIG. 19. Specifically, the pressing area “a” (also
see FIG. 11) of the externally exposed portion 43 may be
manipulated so as to be pressed down in the mounting
surface approaching direction by using the elongated jig R
indicated by long dashed double-short dashed lines, for
example. According to this manipulation, the elastic piece
36 shown in FIG. 15 is forcibly elastically deformed in the
mounting surface approaching direction, thereby releasing
the engagement between the free end 39 and the engaged
portion 20. After the engagement between the free end 39
and the engaged portion 20 is released, the wire 2 can be
gripped to extract the plug 3 from the receptacle 5.

While the first exemplary embodiment of the present
invention has been described above, the first exemplary
embodiment has the following features.

The wire-to-board connector 1 includes the plug 3 (first
terminal) which is attached to the wire 2, and the receptacle
5 (second terminal) which is mounted on the circuit board 4.
The plug 3 and the receptacle 5 are each formed of metal.
The plug 3 is fitted into the receptacle 5, thereby electrically
connecting the wire 2 to the circuit board 4. The receptacle
5 includes the accommodating portion 11 which is formed in
a tubular shape. The plug 3 includes the inserted portion 31
to be inserted into the accommodating portion 11 of the
receptacle 5. The inserted portion 31 includes the body plate
35 and the elastic piece 36 which is elastically supported in
a cantilevered manner by the body plate 35. The elastic piece
36 of the inserted portion 31 has the free end 39 (first
engagement portion). The accommodating portion 11 has
the engaged portion 20 (second engagement portion). When
the inserted portion 31 is inserted into the accommodating
portion 11, the free end 39 engages with the engaged portion
20 along with an elastic deformation of the elastic piece 36.
As a result, the plug 3 and the receptacle 5 are fitted together.
According to the structure described above, the amount of
displacement of the free end 39 upon engagement of the free
end 39 with the engaged portion 20 can be effectively
secured, and thus the engagement between the free end 39
and the engaged portion 20 can be ensured. This prevents the
fitted state of the wire-to-board connector 1 from being
easily released even when an external force acts on the wire
2.

As shown in FIG. 9, the elastic piece 36 extends in the
removing direction which is a direction opposite to the
inserting direction in which the inserted portion 31 is
inserted into the accommodating portion 11.

As shown in FIG. 15, the free end 39 and the engaged
portion 20 engage with each other in substantially parallel to
the inserting direction.

As shown in FIG. 7, the accommodating portion 11 has
the engaged portion 20 (inner protrusion) protruding toward
the inner peripheral side of the accommodating portion 11.

As shown in FIG. 7, the engaged portion 20 is formed by
bending the end 17 in the removing direction of the accom-
modating portion 11. Specifically, the engaged portion 20 is
formed by bending the end 17 in the removing direction of
the accommodating portion 11 by about 180 degrees.

As shown in FIG. 15, in the state where the free end 39
and the engaged portion 20 engage with each other, the
elastic piece 36 contacts the inner peripheral surface 11a of
the accommodating portion 11 in the vicinity of the free end
39 due to the spring elastic force of the elastic piece 36. The
structure described above has the following technical mean-



US 9,472,875 B2

11

ing. That is, as shown in FIG. 16, when the external force F
acts on the wire 2 in the removing direction, the free end 39
is to be displaced in the direction separating from the body
plate 35, thereby maintaining the state in which the free end
39 and the engaged portion 20 engage with each other. This
makes it more difficult to release the fitted state of the
wire-to-board connector 1.

As shown in FIG. 15, the curved contact portion 40
(contact portion) is formed in the vicinity of the free end 39
of the elastic piece 36. In the state where the free end 39 and
the engaged portion 20 engage with each other, the curved
contact portion 40 of the elastic piece 36 contacts the
accommodating portion 11 due to the spring elastic force of
the elastic piece 36. According to the structure described
above, the elastic piece 36 has a function of allowing the free
end 39 to engage with the engaged portion 20, as well as a
function of securing the contact pressure of the curved
contact portion 40 with respect to the accommodating por-
tion 11. This contributes to the simple structure of the
wire-to-board connector 1.

As shown in FIGS. 3 and 18, the elastic piece 36 has the
externally exposed portion 43 which is exposed to the
outside without being covered by the accommodating por-
tion 11 in the state where the free end 39 and the engaged
portion 20 engage with each other. According to the struc-
ture described above, the elastic piece 36 is forcibly elasti-
cally deformed by manipulating the externally exposed
portion 43 as shown in FIG. 19 in the state where the free
end 39 and the engaged portion 20 engage with each other,
thereby making it possible to release the engagement
between the free end 39 and the engaged portion 20.

As shown in FIG. 18, the plug 3 has the stopper projection
51 (excessive insertion preventing portion) and the key 62
(excessive insertion preventing portion), each of which
contacts the receptacle 5 to thereby prevent excessive inser-
tion of the inserted portion 31 into the accommodating
portion 11. According to the structure described above, it is
possible to prevent excessive insertion of the inserted por-
tion 31 into the accommodating portion 11.

As shown in FIG. 18, the accommodating portion 11 has
the slit 15. The inserted portion 31 has the key 62 (erroneous
insertion preventing portion) to be inserted into the slit 15.
According to the structure described above, it is possible to
prevent erroneous insertion of the inserted portion 31 into
the accommodating portion 11.

In this exemplary embodiment, the key 62 exerts both the
function of preventing excessive insertion of the inserted
portion 31 into the accommodating portion 11 and the
function of preventing erroneous insertion of the inserted
portion 31 into the accommodating portion 11. In other
words, the key 62 serves as the excessive insertion prevent-
ing portion that prevents excessive insertion of the inserted
portion 31 into the accommodating portion 11, and also
serves as the erroneous insertion preventing portion that
prevents erroneous insertion of the inserted portion 31 into
the accommodating portion 11.

As shown in FIG. 9, the inserted portion 31 has the pair
of side plates 37a and 375 which are opposed to each other.
According to the structure described above, the attitude of
the inserted portion 31 in the accommodating portion 11 is
stabilized.

As shown in FIG. 9, the elastic piece 36 is formed
between the pair of side plates 37a and 375.

As shown in FIG. 4, the accommodating portion 11
includes the base plate 8 which is formed on the side of the
circuit board 4, the top plate 9 which is formed on a side of
the base plate 8 opposite to the base plate 8 on which the
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circuit board 4 is located, and the pair of side plates 10a and
105 which couple the top plate 9 with the base plate 8. The
accommodating portion 11 is formed in a substantially
angular cylindrical shape.

As shown in FIG. 6, the base plate 8 of the accommo-
dating portion 11 extends in the removing direction which is
a direction opposite to the inserting direction in which the
inserted portion 31 is inserted into the accommodating
portion 11. According to the structure described above, the
inserted portion 31 can be smoothly inserted into the accom-
modating portion 11 by using the base plate 8.

As shown in FIG. 4, the accommodating portion 11 is
formed in a tubular shape by sheet metal bending. The pair
of shape holding mechanisms E for holding the tubular
shape of the accommodating portion 11 is formed at the joint
12 of the accommodating portion 11. Each shape holding
mechanism E is implemented by the shape holding projec-
tion 13 and the shape holding projection accommodating
hole 14 which accommodates the shape holding projection
13.

Second Exemplary Embodiment

Next, a second exemplary embodiment of the present
invention will be described with reference to FIG. 20.
Herein, differences between the first exemplary embodiment
and the second exemplary embodiment are mainly
described, and a repeated description is omitted as needed.
The components corresponding to the components of the
first exemplary embodiment are denoted by the same refer-
ence numerals as a rule.

As shown in FIG. 20, in this exemplary embodiment, the
base plate 8 has a contact spring piece 70 which is formed
in a cantilevered manner. The contact spring piece 70 is
formed by cutting and raising the central portion of the base
plate 8. The contact spring piece 70 includes a support spring
piece 71 which is supported in a cantilevered manner by the
base plate 8, and a contact portion 72 which is formed at a
free end of the support spring piece 71. The contact portion
72 protrudes toward the internal space of the accommodat-
ing portion 11 in a non-load state of the contact spring piece
70. In the structure described above, when the inserted
portion 31 of the plug 3 is inserted into the accommodating
portion 11 of the receptacle 5 as shown in FIG. 15, the
contact portion 72 of the contact spring piece 70 shown in
FIG. 20 is allowed to strongly contact the body plate 35 of
the inserted portion 31 of the plug 3 due to the spring elastic
force of the support spring piece 71. Accordingly, a contact
between the contact portion 72 of the contact spring piece 70
and the body plate 35 of the inserted portion 31 of the plug
3 functions as a contact between the plug 3 and the recep-
tacle 5.

From the invention thus described, it will be obvious that
the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art
are intended for inclusion within the scope of the following
claims.

What is claimed is:

1. A wire-to-board connector comprising a first terminal
attached to a wire, and a second terminal mounted on a
circuit board, the first terminal and the second terminal being
formed of metal and fitted together to electrically connect
the wire to the circuit board, wherein
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the first terminal includes an inserted portion,

the inserted portion includes a body plate and an elastic
piece, the elastic piece being elastically supported in a
cantilevered manner by the body plate,

the elastic piece includes a first engagement portion,

the second terminal includes an accommodating portion

and a second engagement portion, the inserted portion
of the first terminal being to be inserted into the
accommodation portion,

when the first engagement portion is engaged with the

second engagement portion along with an elastic defor-
mation of the elastic piece, the first terminal is fitted
into the second terminal, and

the second terminal comprises a contact spring piece

capable of coming into contact with the body plate of
the inserted portion of the first terminal by a spring
elastic force.

2. The wire-to-board connector according to claim 1,
wherein the contact spring piece includes a support spring
piece and a contact portion formed in the support spring
piece, the contact portion being capable of coming into
contact with the body plate of the inserted portion of the first
terminal.

3. The wire-to-board connector according to claim 2,
wherein the contact portion protrudes in an internal space of
the accommodating portion.

4. The wire-to-board connector according to claim 1,
wherein the contact spring piece is formed in a cantilever
shape.

5. The wire-to-board connector according to claim 1,
wherein a contact between the body plate of the inserted
portion of the first terminal and the contact spring piece
functions as a contact between the first and second terminals.

6. The wire-to-board connector according to claim 1,
wherein the second engagement portion is an inner protrud-
ing portion protruding inwardly.

7. The wire-to-board connector according to claim 6,
wherein the elastic piece includes a contact portion that
comes into contact with the accommodating portion by a
spring elastic force of the elastic piece in a state where the
first and second engagement portions engage with each
other.

8. The wire-to-board connector according to claim 1,
wherein the first engagement portion is formed in a free end
of the elastic piece.

9. The wire-to-board connector according to claim 1,
wherein the elastic piece includes an externally exposed
portion that is exposed to an outside without being covered
by the accommodating portion in a state where the first and
second engagement portions engage with each other.

10. The wire-to-board connector according to claim 9,
wherein the externally exposed portion is formed in a free
end of the elastic piece.

11. The wire-to-board connector according to claim 1,
wherein

the first terminal includes a pair of side plates disposed so

as to sandwich the elastic piece therebetween, and

at least one of the pair of side plates includes an excessive

insertion preventing portion that contacts a top plate of
the accommodating portion to prevent excessive inser-
tion of the inserted portion into the accommodating
portion.

12. The wire-to-board connector according to claim 1,
wherein the accommodating portion includes:
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a base plate located on a circuit board side;

a top plate located on a side of the base plate opposite to
the side of the base plate on which the circuit board is
located; and

a pair of side plates that couple the base plate with the top
plate.

13. The wire-to-board connector according to claim 12,

wherein

the top plate is formed to be shorter in a connector
inserting/removing direction than the base plate and the
side plates, and

the connector inserting/removing direction is a direction
in which the first terminal is inserted/removed into/
from the second terminal.

14. The wire-to-board connector according to claim 13,

wherein

the top plate is disposed on a back side in an inserting
direction with respect to the base plate and the side
plates, and

the inserting direction is a direction in which the first
terminal is inserted into the second terminal.

15. The wire-to-board connector according to claim 1,
wherein the elastic piece includes a contact portion that
comes into contact with the accommodating portion by a
spring elastic force of the elastic piece in a state where the
first and second engagement portions engage with each
other.

16. A wire-to-board connector comprising:

a first terminal attached to a wire, and a second terminal
mounted on a circuit board, the first terminal and the
second terminal being formed of metal and fitted
together to electrically connect the wire to the circuit
board, wherein
the first terminal includes an inserted portion,
the inserted portion includes a body plate and an elastic

piece, the elastic piece being elastically supported in
a cantilevered manner by the body plate,

the elastic piece includes a first engagement portion,

the second terminal includes an accommodating por-
tion and a second engagement portion, the inserted
portion of the first terminal being to be inserted into
the accommodation portion, and

when the first engagement portion is engaged with the
second engagement portion along with an elastic
deformation of the elastic piece, the first terminal is
fitted into the second terminal,

the accommodating portion includes:

a base plate located on a circuit board side;

a top plate located on a side of the base plate opposite
to the side of the base plate on which the circuit
board is located; and

a pair of side plates that couple the base plate with the
top plate,

the top plate is formed to be shorter in a connector inserting/
removing direction than the base plate and the side plates,
the connector inserting/removing direction is a direction
in which the first terminal is inserted/removed into/
from the second terminal,

the top plate is disposed on a back side in an inserting
direction with respect to the base plate and the side
plates, and

the inserting direction is a direction in which the first
terminal is inserted into the second terminal.
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